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On three separate occasions, in 1906, 1907 and 1908, while demon¬
strating the effects of extreme peripheral resistance on the heart and
pulmonary circulation, I have noticed a definite result of artificial res¬
piration when administered to an animal apparently dying from acute
pulmonary edema.
The physical causes of the benefit apparently derived from this pro¬
cedure seem to agree so well with facts already accepted in physiology,
and the possibility of application of the method in certain kinds of
clinical cases seems so reasonable, that I offer this communication in the
hope that practical tests may, before long, be sufficiently conclusive to
establish its value therapeutically, or to relegate it to the mass of theo¬
ries that have failed.
It will save time if I call attention to a few points regarding the ef¬
fect of respiration on the circulation. The respiratory fluctuations in
blood pressure which any one can appreciate in the radial pulse are due
to the variation in the ease of passage of blood between the right and
left side of the heart and to the inherent elasticity of the lungs. The
expansion of the lungs allows a wider path for the blood and an increase
in the blood in the pulmonary vessels, and at the same moment a dimin¬
ished resistance to the passage of the blood through the lungs, a less¬
ened burden for the right ventricle. 'When the lungs collapse in expira¬
tion, the elastic recoil empties the pulmonary vessels, and at the same
time narrows the path through which the right ventricle must now
pump the blood. So we find in the last two-thirds of inspiration and
the first third of expiration a rising pressure, the remainder of the
respiratory cycle showing a falling pressure.
If we watch the results of positive pressure respiration properly ap¬
plied, we notice an entire reversal of the blood pressure changes above
described. During the inspiratory phase, which is due to the forcing of
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air into the lungs under positive pressure, the normal conditions in the
chest and in the pulmonary spaces are altered. The positive pressure
exerted on the vessels in the lungs tends to empty them, or at least to
obstruct their lumen, by just the amount of pressure exerted. The
small vessels are squeezed, as it were, against the resistant pulmonary
tissue, by air forced into the terminal vesicles through the trachea.
During the expiratory phase the release from positive pressure permits
a filling of the vessels again and a diminished resistance to the passage
of blood from the right to the left heart. So it will be found that dur¬
ing positive pressure respiration, the so-called artificial respiration of
laboratory procedure, the blood pressure falls during inspiration and
rises during expiration.
For our present purposes the important thing to bear in mind is that
rhythmical variation of pressure, applied at any point of the circulation,
will serve to assist in the onward movement of the blood, and will in
proportion to its extent assist the action of the heart. It has been found
possible to continue a circulation of the blood simply by artificial res¬
piration in an animal in which the heart is no longer capable of con¬
tracting, the valves allowing an onward movement with each inspira-
tory phase and preventing any régurgitation to fill the vessels during
expiration.
If we modify the procedure of Professor Leo Loeb, who first called
my attention to the use of adrenalin to cause edema of the lungs, we
can develop gradually an acute cardiac insufficiency. Massive and re¬
peated doses of adrenalin given intravenously in a cat will produce acute
dilatation of the left ventricle, due to sudden and extreme constriction
of all the systemic arteries. The dilatation of the left ventricle allows
of a mitral régurgitation, an acute congestion of the lungs and a dilata¬
tion and failure of the right heart. The inability of the right ventricle
to force the blood received from the auricle against the back pressure of
blood regurgitating from the left auricle allows of increase in the stag¬
nation of the pulmonary circulation. Edema—that is, a collection of
blood serum in the air spaces of the lungs—occurs, increasing until pink
or clear serous frothy fluid appears in the trachea. Eespiratory move¬
ments become exaggerated and later feeble and spasmodic, and the ani¬
mal will presently die of asphyxia due to a flooding of the air spaces of
the lungs by blood serum.
If, when we find respiration showing definite signs of beginning
asphyxia, when th'e veins are becoming distended and deepened in color,
cardiac insufficiency is established and the mcompetency is increasing,
and when we can hear moist râles over the lungs, and when we know that
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cardiac insufficiency is established and the incompetency is increasing,
we then apply artificial respiration, through the tracheotomy tube, gently
distending the lungs and allowing them to collapse with or without
suction, we shall find presently an amelioration in the animal's condi¬
tion. The full expansion of the lungs, due to distention from within,
forces a considerable amount of blood onward to the left auricle, and as
the respiratory phase extends over two or three heart beats, an increased
amount of blood will have passed the mitral valve and there will be more
room in the pulmonary vessels when expiration occurs for the blood
held in the distended right ventricle, and a diminished resistance in
the lungs against which the right ventricle can now successfully empty
itself.
This at least seems the probable explanation for the improvement in
the circulation which presently occurs. The lungs appear free from
moist râles, the heart beats more vigorously, the distention of right and
left side diminishes and when the artificial respiration is discontinued
after about; half an hour the animal is able to breathe normally and
shows none of the signs of insufficient circulation or respiration. The
effect of the adrenalin has worn off, the heart muscle has recovered
from its acute overloading, the pulmonary circuit is no longer engorged
with regurgitated blood, and to all intents and purposes the heart and
lungs are again performing their functions normally.
The bearing of this purely experimental procedure on the individual
case of edema of the lungs in the human subject may not appear quite
clear, and I shall try to point out the conditions in which I believe this
lesson can be applied with advantage.
In many instances a hypertrophied and properly compensating heart,
which has adjusted itself gradually to a valvular defect or to an increas¬
ing inelasticity of the arteries or persistent increase of peripheral resist¬
ance from any one of a number of causes, will, if a sudden strain is put
on it, develop an acute incompetence. Overexertion physically, over¬
indulgence in food or wine, excess of psychical excitement or an unfor¬
tunate combination of all three, or an attack of contracted arteries or
bronchi may be the determining factor. With a heart just able to main¬
tain its competence under favorable conditions, even if it is not the seat
of myocardial degeneration, insufficiency is easily precipitated and pul¬
monary edema is likely to be developed unless the failing heart action
is of very brief duration. Under such conditions as I have above de¬
scribed, I believe it would be a valuable aid to the necessary medication
if artificial respiratory movements were used. With the patient in the
semireeumbcnt position, which is usually assumed when cardiac dyspnea
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is marked, raising the arms above the head and then pressing them
against the sides of the thorax or, better, across the upper part of the
abdomen, ought to establish the accessory pumping action which, under
normal conditions, facilitates the flow of blood through the lungs, but
which the patient, in his enfeebled condition, is unable to do for him¬
self. This assistance, I believe, should prove more prompt and effective
than any medication, and would at least be giving mechanical relief to
the overloaded heart muscle, while arterial relaxation and cardiac stimu¬
lation are being accomplished by drugs. I think such treatment would
be indicated whenever the edema and cardiac incompetence are of sud¬
den development and are due to causes which are likely to prove of brief
duration or can be removed by appropriate treatment. Edema, when
due to cardiac failure in the course of pneumonia or appearing as the
inevitable terminal feature of a chronic endocarditis, could not be ex¬
pected to respond to such temporary relief as artificial respiration would
offer. Moreover, I hope I shall not be misunderstood as advocating
forced respiration by intubation or tracheotomy, for I certainly think
such measures would be quite unjustifiable. My belief, based on experi¬
mental observations, is that artificial respiratory movements, directed to
establishing a rhythmical expansion and contraction of the thorax, are
worthy of clinical trial in cases of acute cardiac insufficiency accom¬
panied bj edema of the lungs.
120 East Sixty-second Street.
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